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a b s t r a c t

Chitosan (CS) and epoxy propyl trimethyl ammonium chloride (EPTAC) were used to prepare the water-
soluble N-(2-hydroxyl) propyl-3-trimethyl ammonium chitosan chloride (HTCC). HTCC and sodium
tripolyphosphate (TPP) were mixed to form HTCC nanoparticles based on ionic gelation. Parathyroid
Hormone-Related Protein 1–34 (PTHrP1–34) was incorporated into the HTCC nanoparticles. The parti-
cle size and morphology of nanoparticles were determined by transmission electron microscopy (TEM).
eywords:
THrP1–34
hitosan
PTAC
TCC
anoparticles

HTCC/PTHrP1–34 nanoparticles were 100–180 nm in size and their encapsulation efficiency and loading
capacity were related to HTCC concentration, TPP concentration and initial concentration of PTHrP1–34.
Relatively optimum encapsulation efficiency (78.4%) and loading capacity (13.7%) of PTHrP1–34 is
achieved, and the in vitro release profile of PTHrP1–34 from nanoparticles has an initial burst, which
is followed up by a slow release phase. These studies showed that HTCC/PTHrP1–34 nanoparticles are
suitable for the treatment of osteoporosis, because of their slow-continuous-release properties, and the
relevant in vivo experiments and clinical trials should be further studied.
. Introduction

Natural polymers, especially polysaccharide nanoparticles have
een widely investigated as a carrier for drug delivery (Gref et
l., 1994; Kompella and Lee, 2001; Douglas et al., 2006; Krauland
nd Alonso, 2007). Nanoparticulate systems have attracted partic-
lar interests for the following reasons. Firstly, they can protect
rugs from degradation (Lowe and Temple, 1994). Secondly, they

mprove drug transmucosal transport (Janes et al., 2001) and tran-
cytosis by M cells (Clark et al., 2001). Thirdly, they can provide
ontrolled release properties for encapsulated drugs (Galindo-
odriguez et al., 2005).

Chitosan (CS) is the second most abundant polysaccharide found
n earth next to cellulose. Because of its favorable biological prop-
rties such as biocompatibility, biodegradability, nontoxicity and
ntimicrobial activity (Hejazi and Amiji, 2003), CS has been widely

sed in pharmaceutical, medical areas, extensively researched as
primary material in forming carriers for therapeutic protein
olecules and as non-viral gene carrying vectors (Douglas et al.,

006; George and Abraham, 2006; Dang and Leong, 2006). How-
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ever, this activity is limited to acidic conditions due to its poor
solubility above pH 6.5, where chitosan starts to lose its cationic
nature (Liu et al., 2001). N-(2-hydroxyl) propyl-3-trimethyl ammo-
nium chitosan chloride (HTCC) that can be prepared by a relatively
easy chemical reaction of CS and epoxy propyl trimethyl ammo-
nium chloride (EPTAC) has been reported (Lang et al., 1990; Lim
and Hudson, 2004). HTCC has excellent water solubility over wide
pH range, for its original amino group replaced by methyl, which
prevented the generation of hydrogen bonds by chitosan amino
and hydroxyl groups, so that HTCC can be dissolved in neutral and
alkaline conditions (Lim and Hudson, 2004; Jia et al., 2001). Besides,
HTCC has the potential to be used as an absorption enhancer
across intestinal epithelial due to its mucoadhesive and perme-
ability enhancing property (Kotzé et al., 1999; Li et al., 2007). HTCC
nanoparticles have been formed based on ionic gelation process
of HTCC and sodium tripolyphosphate (TPP). It has been reported
that bovine serum albumin (BSA) can be incorporated into the
HTCC nanoparticles, forming a novel BSA–HTCC nanoparticles, from
which BSA can release slowly and continuously (Xu et al., 2003).

Parathyroid Hormone-Related Protein (PTHrP) was initially
found to be a polypeptide in a research of malignacy induced

hypercalcinemia, and it can effectively enhance the bone forma-
tion (Philbrick et al., 1996). A recent study showed that PTHrP can
promote the proliferation of osteoblast and immature bone-like
cells (Chen et al., 2004). An in vivo study also confirmed that differ-
ent fragments of PTHrP (PTHrP1–34, 1–36, 1–74) can significantly

http://www.sciencedirect.com/science/journal/03785173
http://www.elsevier.com/locate/ijpharm
mailto:guoweichun@hotmail.com
dx.doi.org/10.1016/j.ijpharm.2010.04.034
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Scheme 1. Synth

hange bone mass and the biomechanic strength of the bone in
steoporosis rat (Stewart et al., 2000). It was reported that low dose
nd intermittent administration of PTHrP1–34 has a state effect on
ost-menopause osteoporosis women (Horwitz et al., 2003). Nev-
rtheless, it has many shortcomings such as it gets denatured easily
t normal temperature and it is very expensive which limit its use.
herefore, it is necessary to prepare a delayed release system to
mprove PTHrP1–34 bioactivity and a constant release. Nanopar-
iculate systems would be a better choice.

This research has prepared a new delayed release system for
THrP1–34, and evaluated their in vitro releasing characteristics.

. Materials and methods

.1. Materials

CS was purchased from Yuhuan Ocean Biochemical Co. (Zhe-
iang Taizhou, China), deacetylation degree was 92%, and molecular

eight (Mw) was 210,000. EPTAC was purchased from Dongying
uofeng Fine Chemical Co. (Shandong Dongying, China). TPP was
urchased from Sinopharm Chemical Reagent Beijing Co. (Beijing,
hina). PTHrP1–34 was purchased from Sigma–Aldrich (Missouri,
SA). All other chemicals were of reagent grade.

.2. Preparation of HTCC

The HTCC was prepared in a similar manner to the method
eported by Lim and Hudson (2004) (Scheme 1). Chitosan was
issolved in 2% (w/v) acetic aqueous solution. 15% (w/v) sodium
ydroxide solution was added dropwise into the solution until
H reach 8–9. Chitosan precipitation was put into flask, as well
s isopropanol, stirring the mixture until the chitosan was evenly
ispersed, heating the solution to 80 ◦C. EPTAC was added drop-
ise into solution, with sufficient reaction for 6 h. The product was
recipitated using acetone, washed repeatedly until the solution
ecome neutral, dissolved in distilled water. The end-product was
btained by freeze drying after 5-day dialysis. The HTCC product’s
ield rate was about 30%, quaternization degree was 0.85 and the
olecular weight was 1.08 × 105.

.3. Preparation of HTCC nanoparticles and HTCC/PTHrP1–34
anoparticles

HTCC was dissolved in distilled water at various concentra-
ions (0.5, 1.0, 1.5, 2.0, and 2.5 mg/ml), and then while stirring at
oom temperature, 2 ml TPP aqueous solution with various con-
entrations (0.4, 0.6, 0.8, and 1.0 mg/ml) was added to 5 ml of
TCC solution. Three kinds of formations were observed: solution,
ggregates and opalescent suspension. The zone of opalescent sus-
ension was further examined by TEM as nanoparticles.
HTCC/PTHrP1–34 nanoparticles were formed spontaneously
pon incorporation of 2 ml of the TPP solution (0.6 and 0.8 mg/ml)
nd 5 ml of the HTCC solution containing various concentrations of
THrP1–34 (10, 30, 40, 80,120, and 160 �g/ml), with the conditions
f stirring at room temperature for 2 h. Encapsulation efficiency of
cheme of HTCC.

the different formations was determined by ultra-centrifugation
of samples at 20,000 × g and 4 ◦C for 30 min. Thus the amount
of free PTHrP1–34 was in clear supernatant determined by ELISA
with PTHrP1–34 Kit (purchased from Groundwork Biotechnology
Diagnosticate Ltd., CA, USA). The precipitates separated from sus-
pension were dried by a freeze dryer. The PTHrP1–34 encapsulation
efficiency (AE) and the PTHrP1–34 loading capacity (LC) of the
nanoparticles were calculated as follows:

AE = A − B

A
× 100

LC = A − B

N
× 100

where A is the total amount of PTHrP1–34; B is the free amount
of PTHrP1–34; and N is the amount of nanoparticles weight. All
measurements were performed in triplicate.

2.4. Physicochemical characterization of nanoparticles

13C NMR spectrum of sample in D2O was recorded on a Varian
Mercury 300 Spectrometer. IR spectra of CS, HTCC, HTCC nanopar-
ticles, HTCC/PTHrP1–34 nanoparticles and PTHrP1–34 were taken
with KBr pellets on PerkinElmer spectrum on FTIR. The particle
size and morphological measurements of the nanoparticles were
performed by TEM-100CXII.

2.5. Ammonium glycyrrhizinate releasing from the nanoparticles
in vitro

In vitro PTHrP1–34 release profiles of HTCC/PTHrP1–34
nanoparticles were determined as follows. The PTHrP1–34-loaded
HTCC nanoparticles separated from suspension were placed into
test tubes with 10 ml 0.2 mol/L PBS solution (pH 7.4) and incubated
at 37 ◦C while stirring. At appropriate time intervals, samples were
ultracentrifuged at 20,000 × g and 4 ◦C for 30 min 2 ml of the super-
natant was removed and 2 ml fresh medium PBS solution was added
into the system. The amount of PTHrP1–34 in the release medium
was evaluated by ELISA with PTHrP1–34 Kit. The calibration curve
was made using non-loaded PTHrP1–34 nanoparticles. All release
tests were run in triplicate and the mean value was reported.

3. Results and discussion

3.1. Physicochemical characterization of HTCC and nanoparticles

Fig. 1 shows FTIR spectra of CS, HTCC, HTCC nanoparticles,
HTCC/PTHrP1–34 nanoparticles and PTHrP1–34. There are three
characteristic peaks of CS at 3441 cm−1 of �(OH), 1600 cm−1 of
�(NH2) and 1061 cm−1 of ı(C–O–C) (Yu et al., 1999). Compared with
CS, HTCC shows the disappearance of the NH2-associated band at

1600 cm−1 of the N–H bending in the primary amine; and appear-
ance of a new band at 1480 cm−1, which is attributed to the methyl
groups of the ammonium (Suzuki et al., 2000; Qin et al., 2002).

The spectrum of HTCC nanoparticles (Fig. 1(1)) is different
from that of HTCC matrix (Fig. 1(2)). In HTCC nanoparticles the
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ig. 1. FTIR of CS (1), HTCC (2), HTCC nanoparticles (3), HTCC/PTHrP1–34 nanopar-
icles (4) and PTHrP1–34 (5).

ntensity of 1480 cm−1 peak becomes weaker, 1659 cm−1 shifts to
669 cm−1, and a new peak of 1565 cm−1 appears. We suppose that
PP was linked with ammonium groups of HTCC in nanoparticles.
he IR spectrum is consistent with the reported spectra (Knaul et al.,
999). Hydroxyl group absorption of CS at 1256 cm−1 almost dis-
ppears in HTCC nanoparticles, which indicates that free hydroxyl
roups form hydrogen bonding. Acetylamino �(NH2) I 1655 cm−1,
I 1535 cm−1 and III 1239 cm−1, respectively are the characteris-
ic peaks of PTHrP1–34. Acetylamino I 1655 cm−1 in PTHrP1–34
verlaps with ı(NH) 1665 cm−1 in HTCC nanoparticles, so the peak
f 1666 cm−1 in HTCC/PTHrP1–34 nanoparticles is more intensive
han that in PTHrP1–34.

The 13C NMR spectrum of HTCC was illustrated in Fig. 2. There
s a significant absorption peak when ı = 54.325 ppm, which cor-
esponded to the three methyliums C∗

4 of side chain on HTCC, and
t was the maximum absorption peak. The peak of ı = 101.1, 64.9,
3.2, 74.9 and 77.6 ppm demonstrated C1, C2, C3, C4 and C5 from
eterocycle respectively. The peak of ı = 53.6, 65.4 and 69.3 ppm
epresented the C∗

1, C∗
2 and C∗

3 from the side chain of HTCC. This pro-
ided the evidence that there was an EPTAC substitution reaction
n the C2 site of chitosan.
.2. Morphological characteristic of nanoparticles

Fig. 3 shows the morphological characteristic of nanoparticles.
TCC nanoparticles (Fig. 3A) and HTCC/PTHrP1–34 nanoparticles

Fig. 2. The 13C NMR spectr
Fig. 3. TEM of HTCC nanoparticles (60k)(A) and the PTHrP1–34-loaded nanoparti-
cles (80k) (B) (HTCC 1.5 mg/ml, TPP 0.6 mg/ml, PTHrP1–34 120 �g/ml).

(Fig. 3B) take spherical shape and are monodisperse. HTCC nanopar-
ticles are about 90–100 nm while HTCC/PTHrP1–34 nanoparticles
are about 100–180 nm. PTHrP1–34 loading significantly increased
nanoparticles size in comparison to HTCC nanoparticles, possibly
due to the surface absorption of PTHrP1–34 that has large molecular
weight and size.
3.3. Encapsulation efficiency of PTHrP1–34-loaded nanoparticles

Fig. 4 shows that encapsulation efficiency and loading capac-
ity of the nanoparticles were affected by the initial PTHrP1–34

um of HTCC in D2O.



S.-h. Zhao et al. / International Journal of Pharmaceutics 393 (2010) 268–272 271

F
i
m

c
i
e
a
(
P
t
c

e
i
e
u
e
0
d

r
w
h
n
g

F
(
A

ig. 4. PTHrP1–34 encapsulation efficiency (1) and PTHrP1–34 loading capac-
ty (2) of HTCC nanoparticles (HTCC 1.5 mg/ml, TPP 0.6 mg/ml). All data are the

ean ± standard deviation (n = 4).

oncentration. As for preparation with TPP 0.6 mg/ml, increas-
ng PTHrP1–34 concentration from 10 to 160 �g/ml decreased
ncapsulation efficiency of PTHrP1–34 from 84% to 70% (Fig. 4(1))
nd increased loading capacity of PTHrP1–34 from 8.5% to 16.7%
Fig. 4(2)). Taking into account the extremely high price of
THrP1–34, we tend to choose the initial PTHrP1–34 concentra-
ion 80 �g/ml with the encapsulation efficiency 78.4% and loading
apacity 13.7%.

Fig. 5 shows the effect of HTCC concentration on encapsulation
fficiency of PTHrP1–34. As for preparation with TPP 0.6 mg/ml,
ncreasing HTCC concentration from 0.5 to 1.5 mg/ml increased
ncapsulation efficiency from 58.5% to 82.3%, and when contin-
es to increase HTCC concentration to 2.0 mg/ml, the encapsulation
fficiency decreases to 73.6% (Fig. 5(1)). As for preparation with TPP
.8 mg/ml, increasing HTCC concentration from 1.5 to 2.5 mg/ml
ecreased encapsulation efficiency from 78.4% to 65.3% (Fig. 5(2)).

The ratio among HTCC, TPP, and PTHrP1–34 plays an important
ole in the formation of nanoparticles. Nanoparticles can format

hen the dosage of HTCC and the TPP is about 5:1 to 2:1. Too
igh HTCC concentration (2.0–2.5 mg/ml) led to clear solution, no
anoparticles formation, too high TPP (1.2 mg/ml) led to aggre-
ates with large size. Loading capacity of PTHrP1–34 increased by

ig. 5. The influence of HTCC concentration on PTHrP1–34 encapsulation efficiency
(1) TPP 0.6 mg/ml, PTHrP1–34 40 �g/ml; (2) TPP 0.8 mg/ml, PTHrP1–34 40 �g/ml).
ll data are the mean ± standard deviation (n = 4).
Fig. 6. PTHrP1–34 release profile from PTHrP1–34-loaded HTCC nanoparticles
(HTCC 1.5 mg/ml, TPP 0.6 mg/ml, PTHrP1–34 160 �g/ml).

increasing the initial PTHrP1–34 concentration in HTCC solution,
meanwhile, the encapsulation efficiency of PTHrP1–34 decreased.

3.4. In vitro release of PTHrP1–34 from HTCC/PTHrP1–34
nanoparticles

Fig. 6 displayed the release profile of PTHrP1–34 from nanopar-
ticles. It was apparent that PTHrP1–34 release in vitro showed a
very rapid within initial 8 h, and then followed by a very slow drug
release after about 10 h. After 3 days, around 60% of drugs typically
release from nanoparticles, but no more drugs release after 4 days,
indicating part of the PTHrP1–34 is not completely released. The
consensus understanding of protein release from chitosan particu-
late systems involves three different mechanisms (Xu et al., 2003).
(a) The first burst release of 21–45%, due to the drug desorption
from the particles surface, which easily diffuse in the initial incu-
bation time. (b) A reversed release in following about 4 h, due to
PTHrP1–34 readsorption onto nanoparticles surface again. HTCC
nanoparticles swelled immediately in PBS in Fig. 3, the increased
specificity of particles may lead to a high amount of PTHrP1–34

readsorption. This phenomenon has also been observed in previous
reports (Bouillot et al., 1999; Zambaux et al., 2001). (c) A constant
sustained release of the drug for the following 3 days, resulting from
the diffusion of the drug dispersed in the polymer matrix and then
through the polymer wall as well as its erosion.

Fig. 7. TEM of PTHrP1–34-loaded nanoparticles which have been placed in PBS
solution for 48 hours (40k) (HTCC 1.5 mg/ml, TPP 0.6 mg/ml, PTHrP1–34 80 �g/ml).
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As shown in Fig. 7, morphological characteristic of PTHrP1–34-
oaded nanoparticles has mostly changed to irregular shape after 2
ays. Particles diameter reduced to varying degrees, and some par-
icles were of serious corrosion as the polymer depolymerization
ossibly.

. Conclusion

This study demonstrates that water-soluble HTCC which was
repared by a relatively easy chemical reaction of CS and EPTAC can
orm nanoparticles based on ionic gelation process with TPP. HTCC
anoparticles had shown an excellent capacity for the association
f PTHrP1–34, and formed spherical and monodispersed particles
ith a mean diameter of 100–180 nm by an ionic gelation method

t room temperature and neutral environment. Relatively optimum
ncapsulation efficiency (78.4%) and loading capacity (13.7%) of
THrP1–34 is achieved, and the release profile of PTHrP1–34 from
anoparticles has a burst and a slowly continuous release phase

ollowed. The HTCC/PTHrP1–34 nanoparticles may be provided for
n vivo application of anti-osteoporosis, the relevant in vivo exper-
ments and clinical trials to be further studied.
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